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5FNJHIKUWH/LFKWXQG6WUDKOXQJVPHVVWHFKQLNIU
JHSXOVWEHWULHEHQH/('6\VWHPH7UDFHDEOHOLJKWDQG
UDGLDWLRQPHDVXUHPHQWWHFKQRORJ\IRUSXOVHSRZHUHG
/('V\VWHPV
0DLVVDP(O:DUGDQL&KULVWRSK6FKLHU]:HUQHU-RUGDQ8OULFK%LQGHU
:DOWHU6WHXGWQHU
78,OPHQDX)DFKJHELHW/LFKWWHFKQLN
265$0*PE+&,$10&/0%HUOLQHU$OOHH$XJVEXUJ
Zusammenfassung 
/('VHUP|JOLFKHQ±YHUJOLFKHQPLWWUDGLWLRQHOOHU%HOHXFKWXQJVWHFKQLN±VHKUNXU]H6FKDOW
]HLWHQ$Q$XVVRZLHGLH0RGXODWLRQGHV/LFKWVLJQDOV]XU8QWHUVWW]XQJGHVQRWZHQGLJHQ
7KHUPRPDQDJHPHQWV YRQ +RFKOHLVWXQJVPRGXOHQ 'HU W\SLVFKHUZHLVH GD]X YHUZHQGHWH
3XOVEHWULHEVWHOOWMHGRFKQHXH$QIRUGHUXQJHQDQGLHOLFKWWHFKQLVFKDQJHZHQGHWH0HVVWHFK
QLN
'DGLH5FNIKUXQJVRZLHGLH8QVLFKHUKHLWVEHWUDFKWXQJYRQ OLFKWWHFKQLVFKHQ*U|HQ LQ
GHU5HJHODXI]HLWOLFKNRQVWDQWHQJHPLWWHOWHQ0HVVVLJQDOHQEHUXKWPVVHQGLHGHU]HLWDQ
JHZHQGHWHQ9HUIDKUHQHUQHXWYDOLGLHUWZHUGHQ
'DV=LHOLVWGLH(QWZLFNOXQJHLQHUJHHLJQHWHQ0HWKRGHPLWGHU0HVVXQJHQYRQJHSXOVWHQ
/LFKWVLJQDOHQDXIOLFKWWHFKQLVFK]HLWOLFKVWDWLVFKH.DOLEULHUQRUPDOHUFNJHIKUWZHUGHQN|Q
QHQ'LH%HWUDFKWXQJHQ]XU0HVVXQVLFKHUKHLWGLHVHV0HVVYHUIDKUHQVHUIRUGHUQGDPLWDXFK
HLQHV\VWHPWKHRUHWLVFKH%HVFKUHLEXQJGHU0HVVNHWWH
Summary 
/('VDOORZFRPSDUHGZLWKWUDGLWLRQDOOLJKWLQJWHFKQRORJ\YHU\VKRUWVZLWFKLQJWLPHVDQG
PRGXODWLRQRIWKHOLJKWVLJQDOWRLQIOXHQFHWKHQHHGHGWKHUPDOPDQDJHPHQWRIKLJKSRZHU
PRGXOHV7KHW\SLFDOO\XVHGSXOVHRSHUDWLRQIRUFHVQHZGHPDQGVRQWKHDSSOLHGPHDVXUH
PHQWWHFKQRORJ\
$VWKHXQFHUWDLQW\DQGWKHWUDFHDELOLW\RIWKHUHVXOWRIWKHSKRWRPHWULFTXDQWLWLHVDUHXVXDOO\
EDVHGRQWHPSRUDOO\FRQVWDQWDYHUDJHPHDVXUHPHQWVLJQDOVWKHQWKHFXUUHQWO\DSSOLHGSUR
FHGXUHVRIPHDVXUHPHQWPXVWEHUHYDOLGDWHG
7KHDLPRIWKLVZRUNLVWKHGHYHORSPHQWRIDQDSSURSULDWHPHWKRGWKDWFDQSHUIRUPWUDFHDEOH
PHDVXUHPHQWVRISXOVHGOLJKWVLJQDOVZLWKWHPSRUDOO\VWDWLFFDOLEUDWLRQVWDQGDUGV7KHFRQ
VLGHUDWLRQVRQWKHXQFHUWDLQW\RIWKLVPHDVXUHPHQWPHWKRGDOVRUHTXLUHDV\VWHPWKHRUHWLFDO
GHVFULSWLRQRIWKHPHDVXUHPHQWFKDLQ
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(LQOHLWXQJ
/HXFKWGLRGHQ /('V HUP|JOLFKHQ YHUJOLFKHQPLW WUDGLWLRQHOOHU %HOHXFKWXQJVWHFKQLN VHKU
NXU]H6FKDOW]HLWHQXQGHLQH0RGXODWLRQGHV/LFKWVLJQDOVZDVQHXDUWLJH$QZHQGXQJHQHU
P|JOLFKW XQG GDV HUIRUGHUOLFKH 7KHUPRPDQDJHPHQW XQWHUVWW]W =HLWOLFK YHUlQGHUOLFKH
0HVVVLJQDOHVWHOOHQMHGRFKDXFKQHXH$QIRUGHUXQJHQDQGLH0HVVWHFKQLN/('&KLSVRGHU
/('0RGXOHN|QQHQ]XPHLQHQGXUFKNXU]H6WURPSXOVHHOHNWULVFKXQGRSWLVFKFKDUDNWHUL
VLHUWZHUGHQRGHUlKQOLFKZLHWUDGLWLRQHOOH/DPSHQLPWKHUPLVFKVWDELOHQ%HWULHEJHPHV
VHQZHUGHQ
'LH0HVVXQJEHLNRQVWDQWHU4XHOOHQ7HPSHUDWXUHUIRUGHUWMHGRFKDXIJUXQGGHUQRWZHQGL
JHQ.KOXQJHLQHQ]XVlW]OLFKHQDSSDUDWLYHQ$XIZDQGXQGRIWPDOVODQJH6WDELOLVLHUXQJV]HL
WHQLVWDEHULQVEHVRQGHUHIUJRQLRPHWULVFKH0HVVXQJHQVRZLHKRFKDXIO|VHQGHVSHNWUDOH
0HVVXQJHQ GLH EHYRU]XJWH 9DULDQWH ,P *HJHQVDW] GD]X N|QQHQ DEHU DXFK JHQJHQG
NXU]H HLQ]HOQH /LFKWSXOVH LQ 8OEULFKW.XJHOQ PLW LQWHJUDOHQ 'HWHNWRUHQ RGHU VFKQHOOHQ
.RPSDNW±$UUD\6SHNWURPHWHUQJHPHVVHQZHUGHQRKQHGLHWKHUPLVFKH%HODVWXQJEH
WUDFKWHQ]XPVVHQ
)UOLFKWWHFKQLVFKH0HVVODERUHLVWHVHQWVFKHLGHQGGDVVGLHVHXQWHUVFKLHGOLFKHQ%HWULHEV
DUWHQ LQQHUKDOE LKUHU0HVVXQVLFKHUKHLW YHUJOHLFKEDUH(UJHEQLVVH OLHIHUQ'DGLH(IIL]LHQ]
GHU/HXFKWGLRGHPDJHEOLFKYRQGHUHQ-XQFWLRQ7HPSHUDWXUEHVWLPPWZLUGPVVHQKLHU]X
VRZRKOLP3XOVEHWULHEDOVDXFKLPVWDELOLVLHUWHQ%HWULHEYHUJOHLFKEDUHWKHUPLVFKH%HGLQJXQ
JHQKHUJHVWHOOWZHUGHQ'DGLH5FNIKUXQJYRQ0HVVJU|HQGHU/LFKWWHFKQLNDXI1RUPDOH
LQGHU5HJHODXIVWDELOLVLHUWHQ4XHOOHQXQG]HLWOLFKNRQVWDQWHQ0HVVVLJQDOHQEHUXKWPVVHQ
IU]HLWOLFKYHUlQGHUOLFKH6LJQDOHGLHYRUKDQGHQHQ9HUIDKUHQEHUSUIWXQGJHJHEHQHQIDOOV
DQJHSDVVWZHUGHQ
,QHLQHPHUVWHQ6FKULWWZLUGGHVKDOEHLQ/('5HIHUHQ]V\VWHPGHILQLHUWXQGGHVVHQWKHUPL
VFKH(LJHQVFKDIWHQEHVWLPPW=XU0HVVXQJGHUOLFKWWHFKQLVFKHQ*U|HQZHUGHQIUEHLGH
REHQEHVFKULHEHQHQ%HWULHEVPRGLSKRWRPHWULVFKHXQGUDGLRPHWULVFKH9HUJOHLFKVPHVVXQ
JHQLQ8OEULFKW.XJHOQYHUVFKLHGHQHU*U|HXQG(LQVWUDKOJHRPHWULHVRZLHLQ*RQLRPHWHUQ
GXUFKJHIKUW'HU)RNXVOLHJWKLHUEHLDXIGHQIU/('$QZHQGXQJHQW\SLVFKHQ8OEULFKW.X
JHOQPLWK|FKVWHQVP'XUFKPHVVHULQʌ(LQVWUDKOJHRPHWULH,QGLHVHQÄNOHLQHQ³8O
EULFKW.XJHOQLVWGLH8QVLFKHUKHLWGHU/LFKWVWURPPHVVXQJEHGLQJWGXUFKGHQ6W|UN|USHUHLQ
IOXVVXQGGHQ(LQIOXVVGHUXQWHUVFKLHGOLFKHQ/LFKWYHUWHLOXQJHQYHUJOHLFKVZHLVHJUR$XI
%DVLVYRQHUVWHQRULHQWLHUHQGHQ0HVVXQJHQPLWGLHVHU$QODJHZHUGHQHPSLULVFKH$EVFKlW
]XQJHQ]XUHUZDUWHWHQ0HVVXQVLFKHUKHLWYRUJHVWHOOW(LQ9HUJOHLFKGHV/('/LFKWVWURPVEH
]RJHQDXIGHUHQ'XW\&\FOH7DVWJUDG]HLJWGLH0|JOLFKNHLWHQGHVH[SHULPHQWHOOHQ$XIEDXV
DXI
 9HUVXFKVDXIEDXXQG0HWKRGLN
'LH$EEVNL]]LHUWGHQGD]XQRWZHQGLJHQ0HVVDXIEDX'HUVSHNWURUDGLRPHWULVFKH$QOD
JHQWHLOEHVWHKWDXVHLQHU8OEULFKW.XJHOPLWHLQHP'XUFKPHVVHUYRQPYHUVHKHQPLW
gIIQXQJHQ]XU(LQNRSSOXQJGHU/('6WUDKOXQJVRZLH]XU$XVNRSSOXQJGHULQGLUHNWHQ%H
VWUDKOXQJVVWlUNH LQ GLH (LQJDQJVRSWLN GHV $UUD\6SHNWURUDGLRPHWHUV\VWHPV $OV 2SWLRQ
NDQQ HLQ 3KRWRPHWHUNRSI DQ 6WHOOH GHU +LOIVOLFKWODPSH HLQJHEUDFKW XQGPLW HLQHQ +LJK
6SHHG3Ul]LVLRQV3KRWRPHWHU)ODVKPHWHUYHUEXQGHQZHUGHQXPVRHLQ]HOQHJHSXOVWH
/LFKWVLJQDOHGHU/('IRUPULFKWLJLQWHJULHUW]XGHWHNWLHUHQXQGGDPLWGHQGLUHNWHQ%H]XJ]X
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GHUWUHLEHQGHQ/('(LQJDQJVVWURPVWlUNHKHU]XVWHOOHQ'HU]HLWOLFKH9HUODXIGHU6\VWHPVLJ
QDOHNDQQPLWHLQHP2V]LOORVNRSDXIJH]HLFKQHWXQGIUGLHZHLWHUHQ$QDO\VHQJHVSHLFKHUW
ZHUGHQ$OV4XHOOH]XP%HWULHEGHU/('VZLUGHLQ5HFKWHFN3XOVJHQHUDWRUPLWLQWHJULHUWHP
'LJLWDOPXOWLPHWHUEHLHLQHU6WURPDXIO|VXQJYRQS$XQGPLWHLQHU$EWDVW]HLWYRQȝVYHU
ZHQGHW
$OOH$QODJHQ.RPSRQHQWHQZHUGHQSHU6RIWZDUHNRQILJXULHUWJHVWHXHUWXQGDXVJHOHVHQ


$EE6FKHPDWLVFKH'DUVWHOOXQJGHV/('±0HVVSODW]HV
'LHZHVHQWOLFKH9RUDXVVHW]XQJ IUGHQPHVVWHFKQLVFKHQhEHUJDQJYRQ'&EHWULHEHQHQ
/('4XHOOHQ]XJHSXOVWHQ6\VWHPHQLVWGHUPHFKDQLVFKH$XIEDXHLQHVJHHLJQHWHQ+DOWHUV
]XPWHPSHUDWXUJHUHJHOWHQ%HWULHEXQG]XU$GDSWDWLRQGHU4XHOOHDQGDV0HVVV\VWHP8O
EULFKWNXJHO)ROJHQGH$QIRUGHUXQJHQVLQGGDEHL]XHUIOOHQ
x 0HFKDQLVFKHXQGRSWLVFKH,QWHJUDWLRQGHV/('0RGXOVP|JOLFKVWLGHDOLQGLH.XJHO
ZDQG
x $XVUHLFKHQGHDNWLYH.KONDSD]LWlWGHV+DOWHUV]XU6WDELOLVLHUXQJGHU2EMHNWWHPSH
UDWXUDXI*UDG&HOVLXVEHL%HVWURPXQJ
x $XVUHLFKHQGH6WDELOLWlWGHUPHFKDQLVFKHQ+DOWHUXQJ]XUUHSURGX]LHUEDUHQ3RVLWLR
QLHUXQJGHV2EMHNWV
x *HHLJQHWHHOHNWULVFKH.RQWDNWLHUXQJ]XP%HWULHEGHV2EMHNWVXQG]XUhEHUZDFKXQJ
GHU2EMHNWWHPSHUDWXU
,PDNWXHOOHQ(QWZLFNOXQJVVWDQGGHU/('+DOWHUXQJZLUGGDV0HVVREMHNW Ä/('PLW/HLWHU
SODWWH³GD]XDXIHLQHQ$OXPLQLXP.XSIHUN|USHUDXIJHEUDFKW$EEGHUPLW+LOIHHLQHU3HO
WLHU(LQKHLW(OHPHQWXQG5HJHOHOHNWURQLNEHLHLQHUYRUJHZlKOWHQ7HPSHUDWXU]%&
NRQVWDQWJHKDOWHQZLUG'HU7HPSHUDWXUVHQVRUIUGLH5HJHOHLQKHLWEHILQGHWVLFKGLUHNWXQWHU
GHU/HLWHUSODWWHREHUH$GDSWHUSODWWHGHU/('
470

$EE (LQKHLW]XUPHFKDQLVFKHQ+DOWHUXQJXQGDNWLYHU7HPSHUDWXUVWDELOLVLHUXQJGHV/('2EMHNWV
 (UJHEQLVVH
 hEHUOHJXQJHQ]XU0HVVXQVLFKHUKHLW

'DV1DFKZHLVV\VWHP LVWDOV6SHNWUDOUDGLRPHWHUPLW UlXPOLFK LQWHJULHUHQGHU8OEULFKWNXJHO
NRQ]LSLHUW'LHLQWHUHVVLHUHQGH*U|HÄ/LFKWVWURP³ZLUGEHUGHQUHODWLYHQVSHNWUDOHQ6WUDK
OXQJVIOXVV]XVDPPHQPLWHLQHPHQWVSUHFKHQGHQSKRWRPHWULVFKHQ/LFKWVWURPQRUPDOUFN
JHIKUW>@:HLWHUHZLUNVDPH8QVLFKHUKHLWVEHLWUlJHVLQGLQ$EEDXIJH]HLJW'HUZHLWDXV
JU|WH%HLWUDJLVWGXUFKGLHQRWZHQGLJHHPSLULVFKIHVWJHVWHOOWH.RUUHNWXUGHU.XJHODQWZRUW
GXUFKGLH:LUNXQJXQWHUVFKLHGOLFKHU/LFKWYHUWHLOXQJHQPRWLYLHUW+LHUPLW]HLJWVLFKDXFKGHU
SULPlUH$QVDW]SXQNW]XU9HUULQJHUXQJGHU0HVVXQVLFKHUKHLWEHLGHU/LFKWVWURPEHVWLPPXQJ

$EE 0HVVXQVLFKHUKHLWVELODQ]]XU/LFKWVWURPEHVWLPPXQJ±(LQIOXVVGHUHPSLULVFKHQ.RUUHNWXUGHU
.XJHODQWZRUW
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,VW PDQ LQ GHU /DJH GLHVHQ .RUUHNWXUIDNWRU V\VWHPDWLVFKH .RUUHNWXU PLW EHLJHRUGQHWHU
0HVVXQVLFKHUKHLW]%SUDNWLVFKGXUFKHLQH]XVlW]OLFKH*RQLRSKRWRPHWHUPHVVXQJ]XHU
PLWWHOQ VR NDQQ GXUFK GLHVH HUZHLWHUWH .HQQWQLV GLH 0HVVXQVLFKHUKHLW LQ HLQHP HUVWHQ
6FKULWWGHXWOLFKYHUULQJHUWZHUGHQVLHKH$EE
7DE /LFKWWHFKQLVFKHU9HUJOHLFKGHULGHQWLVFKEHWULHEHQHQ/('/LFKWTXHOOH
/(''XULV3 /LFKWVWURP)LQ/XPHQ [ \
&&7
LQ.
/('0HVVSODW]
PLWP
8OEULFKWNXJHO
   
5HIHUHQ]DQODJH
P8OEULFKWNXJHO    


$EE 0HVVXQVLFKHUKHLWVELODQ]]XU/LFKWVWURPEHVWLPPXQJ±GHXWOLFKH9HUULQJHUXQJGXUFK.HQQWQLVGHV
.RUUHNWXUIDNWRUV]XU.XJHODQWZRUW
:HLWHUH0DQDKPHQ]XU9HUULQJHUXQJGHU0HVVXQVLFKHUKHLWZHUGHQVLFKLQGHQQlFKVWHQ
6FKULWWHQDXIGLH(LQIOXVVSDUDPHWHUÄ7HPSHUDWXUDEKlQJLJNHLWGHV/('/LFKWVWURPV)YRQ
7/('³XQGGLH%HVWLPPXQJXQG$QZHQGXQJGHUÄ/('6WURPVWlUNHL/('XQGL/('QRPL
QDO³VRZLHDXIGLH+LOIVOLFKWODPSHQNRUUHNWXU+//FRUUNRQ]HQWULHUHQ
7DEHOOH]HLJWGHQOLFKWWHFKQLVFKHQ9HUJOHLFKGHU LGHQWLVFKEHWULHEHQHQ/('/LFKWTXHOOH
'HUDXIWUHWHQGHV\VWHPDWLVFKH8QWHUVFKLHGEHLGHU/LFKWVWURPEHVWLPPXQJNDQQKLHUGXUFK
HLQHQ.RUUHNWXUIDNWRUIUGLH.XJHODQWZRUWGHUP8OEULFKWNXJHOEHUFN
VLFKWLJWZHUGHQ
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 =HLWOLFKDXIJHO|VWH0HVVP|JOLFKNHLWHQ
$QGHU/HXFKWVWRIINRQYHUWLHUWHQZHLHQ/(''85,63ZXUGHQRULHQWLHUHQGH0HVVXQ
JHQEHLXQWHUVFKLHGOLFKHQ'XW\&\FOHVGXUFKJHIKUW$EELOGXQJ]HLJWGLH%LOGVFKLUPGDU
VWHOOXQJIUHLQHQ'XW\&\FOHYRQ/('PV21PV2))'LH/('6WURPVWlUNH
IROJW VHKU JXW HLQHP 5HFKWHFNSXOV ZlKUHQG GHU /LFKWVWURP QDFK GHP $XVVFKDOWHQ GHU
6WURPVWlUNH]HLWOLFKDENOLQJWÄQDFKOHXFKWHW³

$EE =HLWOLFKDXIJHO|VW/('6WURPVWlUNHXQG]XJHK|ULJHU/('/LFKWVWURP
'HUIUGLHYHUVFKLHGHQHQ'XW\&\FOHVEHVWLPPWH/LFKWVWURPIROJWQLFKWGHUWKHRUHWLVFKHQ
hEHUOHJXQJ DXV GHPHLQIDFKHQ Ä212))³9HUKlOWQLV $XFKZXUGH EHREDFKWHW GDVV GLH
7HPSHUDWXUZlKUHQGGHV/('%HWULHEV6WDUW&YRQVQLFKWGXUFKGDV3HOWLHU.K
OHOHPHQWVRNXU]]HLWLJJHUHJHOWZHUGHQNRQQWHVLHKH$EELOGXQJ

$EE /LFKWVWURPDOV)XQNWLRQGHV'XW\&\FOH±9HUJOHLFK]XWKHRUHWLVFKHQhEHUOHJXQJHQ
/LFKWVWURP /LFKWVWURP
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)D]LW
'LHDXIJHEDXWH0HVVDQODJHHUIOOWSULQ]LSLHOOGLH$QIRUGHUXQJHQDQGLHIUGLHVH8QWHUVX
FKXQJHQQRWZHQGLJHQWHFKQLVFKHQ0|JOLFKNHLWHQ'XUFKGLHELVODQJGXUFKJHIKUWHQHUVWHQ
RULHQWLHUHQGHQ0HVVXQJHQN|QQHQGLHQlFKVWHQ$UEHLWVVFKULWWHXQG2SWLPLHUXQJHQGHVH[
SHULPHQWHOOHQ$XIEDXVDEJHOHLWHWZHUGHQVRGDVVGLH0RGHOOLHUXQJGHV0HVVSUR]HVVHVXQG
GDPLWDXFKGLH%HVWLPPXQJGHUEHLJHRUGQHWHQ0HVVXQVLFKHUKHLWHQGXUFKGDVGDUDXIIRO
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